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Abstract—In this work, we investigate how hydrogen sensing 
performance of thermally evaporated MoO3 nanoplatelets can be 
further improved by RF sputtering a thin layer of tantalum oxide 
(Ta2O5) or lanthanum oxide (La2O3). We show that dissociated 
hydrogen atoms cause the thin film layer to be polarised,
inducing a measurable potential difference greater than that as 
reported previously. We attribute these observations to the 
presence of numerous traps in the thin layer; their states allow a 
stronger trapping of charge at the Pt-thin film oxide interface as 
compared to the MoO3 sensors without the coating. Under 
exposure to H2 (10 000 ppm), the maximum change in dielectric 
constant is 45.6 (at 260 C) for the Ta2O5/MoO3 nanoplatelets and 
31.6 (at 220 C) for the La2O3/MoO3 nanoplatelets. Subsequently, 
the maximum sensitivity for the Ta2O5/MoO3 and La2O3/MoO3
based sensors is 16.8 and 7.5, respectively.
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I. INTRODUCTION
With the rise of the capability to control and restructure 
matter at the nanoscale, research and development of cheap, 
low-power, miniaturized hydrogen sensors with enhanced 
performance have become a priority for renewable energy 
related devices. Such devices which convert hydrogen gas to 
energy, such as fuel cells, internal-combustion engines and 
turbines all require high-performance sensors, due to the 
highly volatile nature of hydrogen gas [4].
Sensors based on semiconducting metal oxides have arisen 
as one of the most favorable choices for industrial applications 
due to their simplicity, lightweight and portability and have 
been demonstrated down-scaling and compatibility with 
existing technologies [5]. Sensing performance of 
nanostructured metal oxide materials can excel far beyond 
those based on bulk materials, due to the unique properties 
that are exceptional only at the nanoscale [2, 3].
Herein, we examine two high-κ metal oxides (Ta2O5 and 
La2O3) as they are deposited on MoO3 nanoplatelets for 
hydrogen sensing. We use a quantum heterostructure design [6] 
in this work, as our motive is to implement the quantum 
confinement behaviour to trap charge and induce a strong 
polarisation at the interface between the Pt and the high-
layers. The proposed energy band structure of the sensors is as 
illustrated in Fig. 1. 
II. METHODOLOGY
A. Fabrication of MoO3 nanoplatelets 
The nanoplatelet MoO3 films were grown on n-type 6H-SiC 
substrates (Tankeblue Co.) using thermal evaporation 
deposition in a tube furnace. The details outlining the 
fabrication process can be referenced to our previous work [1,
7, 8]. 
B. Fabrication of Ta2O5 and La2O3 high- thin film layers 
RF Sputtering deposition of the high- thin film layer was 
performed in a Denton vacuum discovery sputtering system as 
previously reported [9, 10]. 
The thickness of the Ta2O5 and La2O3 layer were calibrated 
to 4 nm prior to sputtering using a Spectroscopic Ellipsometer 
(VASE VB400).  
C. Electrical and gas sensing testing procedure 
The developed sensors with the configuration of Pt/high-κ
thin film/MoO3 nanoplatelets/SiC were placed in a multi-
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Fig. 1.  The proposed energy band structure of the metal oxides Ta2O5, La2O3
and MoO3 [2, 3] with Pt, as implemented in this work.
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channel gas testing system for the electrical and sensing tests. 
Experimental measurements were conducted by using a needle 
probe similar to procedures as presented in our previous work 
[1, 7, 9-12]. 
III. RESULTS
A. Surface morphology and crystallogrphic structure  
Analysis of the surface morphology of the as-deposited 
MoO3 nanoplatelets conducted by SEM is shown in Fig. 2. 
The insets of the figure also show the TEM of the MoO3
nanoplatelets subsequent to the RF sputtering of Ta2O5 or 
La2O3 (Fig. 2) indicating the thickness of the deposited layer.
The crystallographic structure of the MoO3 nanoplatelets, with 
Ta2O5 and La2O3 as measured by XRD is shown in the Fig. 3.
The characterisation results indicate that the RF sputtered 
Ta2O5 and La2O3 layers can be applied onto MoO3
nanoplatelets as a thin coating without significantly altering 
the surface morphology. The results from the XRD also show 
that the original MoO3 crystal structure is preserved [1, 8] with 
the exception of additional peaks of Ta2O5 for the RF
sputtered Ta2O5 layer. Similar observations can be made for 
MoO3 nanoplatelets with the RF sputtered La2O3 layer. 
B. Current density vs Voltage (J-V) charcteristics and
ideality factor 
The electrical properties of a metal/metal oxide can be 
characterised in terms of its current density vs voltage (J-V) 
characteristics as governed by the Schottky diode model.
Based on the thermionic emission (TE) current transport 
mechanism, the forward J-V equation is given by [13]:
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where A** is the effective Richardson constant; T is the 
absolute temperature; q is the electron charge; B0 is the 
effective barrier height; k is the Boltzmann constant. 
According to the Poole-Frenkel (PF) current transport 
mechanism, the dielectric constant can be estimated from the 
slope of the forward bias semi-log J-V1/2 characteristics in (2)
and its equation is given by) [14]: 
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The J-V characteristics of the diodes based on MoO3
nanoplatelets without and with Ta2O5 and La2O3 coating 
measured at 25C are shown in Fig. 4. The inset of Fig. 4 
shows the ideality factor , estimated from the J-V data 
selected between the region 0.1 V to 0.3 V as compared with 
the region of 0.5 V to 1 V as selected in previous work [1, 7,
9]. This region was chosen as the TE model is suitable for this 
range of data. 
The J-V characteristics of the nanoplatelets with the Ta2O5
and La2O3 coating shows strong non-ideal behavior and  
therefore, indicate that PF emission can be a dominant 
conduction mechanism. In this work, we have selected a range 
between 1.5 V to 2 V to calculate the -value, respectively as 
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Fig. 3.  XRD diffractograms of the MoO3 nanoplatelets [1] deposited onto 
SiC by thermal evaporation with the presence of Ta2O5 (as indicated by 
hollow squares) and La2O3 (as indicated by the filled circles).
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Fig. 4.  J-V characteristics of the MoO3 nanoplatelets, without and with Ta2O5
and La2O3 coating (inset shows the estimated ideality factor as extracted from
the region between 0.1 V to 0.3V).
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Fig. 2.  SEM of the MoO3 nanoplatelets deposited onto SiC by thermal 
evaporation (insets shows TEM of the 4 nm RF sputtered Ta2O5 and La2O3
thin film).
???
the PF model is suited for this region of data. We have also 
neglected the overlapping of TE to PF to simplify the analysis. 
Of the J-V characteristics measured at 25 C (Fig. 4), we 
can use the ideality factor as an indicator to identify the 
number of traps in the material to compare the MoO3
nanoplatelets with and without the Ta2O5 or La2O3 layers.
According to the inset of Fig. 4, the ideality factor of the 
nanoplatelets with the Ta2O5 and La2O3 thin film layer were 
5.92 and 5.23 at 25 C, respectively as opposed to an ideality 
factor of 1.77 for the MoO3 nanoplatelets without these layers. 
We expect these values to indicate that the effect of RF 
sputtering Ta2O5 or La2O3 layer generating numerous 
additional interface traps between the Pt metal and their 
surface as identified in literature [2, 3]. 
C. Effective barrier height and dielectric constant  
In this section, we calculate the effective barrier height and 
dielectric constant using equation (1) and (2) and discuss their 
significance with respect to temperature. Fig. 5 shows the plot 
of the effective barrier height for the MoO3 nanoplatelets. 
For the nanoplatelets coated with Ta2O5 (or La2O3) we can 
interpret from the data that at temperatures less than 180 C, 
the electrical properties follow the TE mechanism and at 
temperatures greater than 180 C, the properties follow the PF 
mechanism. According to the TE model, electrons are barred 
from flowing through the interface unless they acquire 
sufficient thermal energy to flow over the Schottky barrier 
[13]. However, in the PF mechanism, when there is sufficient 
thermal energy, numerous interface traps (from the Ta5+ or 
La3+ atoms) are activated allowing electrons an alternative 
pathway through the flow barrier [13]. Therefore, we calculate 
the effective barrier height from the data between 25 C to 140 
C using equation (1), and also calculate the dielectric 
constant from the data at temperatures above 180 C by 
equation (2).  
D. Static hydrogen sensing performance 
The plot of the change in effective barrier height B and 
change in dielectric constant  (under exposure to hydrogen 
with 10,000 ppm concentration) at different temperatures is 
shown in Fig. 6. 
With the presence of a Ta2O5 (or La2O3) layer, the 
maximum change in dielectric constant  under exposure of 
hydrogen gas (10, 000 ppm) was calculated as 45.6 (at 260C) 
for the nanoplatelets with Ta2O5 and 31.6 (at 220C) for the 
nanoplatelets with the La2O3. These values represent a
significant change in the polarisation intensity at the Pt/metal-
oxide interface caused by the presence of hydrogen gas. 
These observations can be explained in terms of the 
hydrogen dissociation and adsorption mechanism [4, 5, 11]. 
As hydrogen molecules adsorb on the Pt surface, they can 
undergo catalytic dissociation and diffuse through into the Pt 
metal. Subsequently, hydrogen atoms accumulate at the 
interface between Pt and the metal oxide as adsorbates. Here, 
a net positive charge layer is accumulated on the metal side of 
the interface, inducing a net negative charge layer on the 
metal-oxide side. This dipolar charges layer, polarises the 
interface [15] which can be measured by the change in the -
value (in terms of the PF model) and also the change in 
potential difference (from across this thin layer).
Simultaneously, the dipolar charge causes the bending of the 
energy bands and thus, lowers the barrier height (in terms of 
the TE model). 
We have previously discussed the confinement effects of 
the 4 nm thin film layer and how potential difference is 
consumed to drive the PF current for La2O3 coated MoO3
nanoplatelets [7]. In this work, we have further discussed the 
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Fig. 5.  Effective barrier height B (as denoted by the hollow circles) and 
dielectric constant  (as denoted by the filled squares) for the MoO3
nanoplatelets, with and without La2O3 and Ta2O5 coating at different
temperatures. The thermionic emission (TE) model is found to be dominant 
allowing for an accurate calculation of the effective barrier height, from 25
C to 350 C for the uncoated MoO3 and from 25 C to 140 C for the
MoO3 with the coatings. Thus, from 180 C to 300 C, the Poole Frenkel
(PF) mechanism is dominant, allowing for the calculation of the dielectric 
constant for the nanoplatelets with La2O3 and Ta2O5.
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degree of its effects on the polarisation at the interface in 
terms of the change in the -value.  
E. Sensitivity 
The plot of the hydrogen sensitivity (defined as  
S = IH2  Iair / Iair) and the calculated maximum values for the 
coated and uncoated nanoplatelets are shown in Fig. 7. The 
results indicate that the Ta2O5 coating can achieve a 
significantly higher hydrogen sensitivity than the La2O3
coating, this is in good agreement with the  as shown in 
Fig. 6.
F. Dynamic hydrogen sensing performance 
The dynamic response towards hydrogen for Ta2O5 and 
La2O3 coated MoO3 nanoplatelets at 220 C are shown in Fig. 
8. We show that the dissociated hydrogen atoms cause the thin 
film layer to be polarised and also induce a measurable 
potential difference, greater than that as reported previously [1,
7]. The results indicate that the coated nanoplatelets can 
exhibit a stable response and saturation to steady state at the 
presence of 10,000 ppm hydrogen.  
IV. CONCLUSIONS
In this work, we have presented how Ta2O5 and La2O3 as a 
thin film coating can substantially improve the hydrogen 
sensing performance of MoO3 nanoplatelets. Under exposure 
to H2 (10,000 ppm), the maximum change in dielectric 
constant is 45.6 (at 260 C) for the Ta2O5/MoO3 nanoplatelets 
and 31.6 (at 220 C)  for the La2O3/ MoO3 nanoplatelets. The 
maximum sensitivity is 16.8 (at 260 C) for the Ta2O5/MoO3
based sensor and 7.5 (at 300 C) for the La2O3/MoO3 based 
sensor. We show that these materials can achieve steady state 
under exposure to different hydrogen concentrations of H2, 
which indicate that these materials can be applied as potential 
candidates for future hydrogen sensing applications. 
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